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(54) REFORMER. REFORMING SYSTEM, AND FUEL CELL SYSTEM 
(57)Abstract: 

PURPOSE: To miniaturize a reformer, by forming reforming catalysts 
on the grooves of one side plate and combustion catalysts on the 
grooves of the other side plate respectively, and supplying heat 
required for refomiing reaction with these plates alternately laminated 
to be adopted as a fluid passage. 

CONSTITUTION: Reforming catalysts 6 are formed on the surfaces of 
grooves formed In a plaite 1 , and combustion catalysts 5 are formed on 
the surfaces of the grooves of a plate 2. The plates 1 and 2 are 
alternately laminated to supply fuel, composed of a mixture of a 
compound, including a hydrocarbon group, and water, to a fluid 
passage 3, formed by a surface having the grooves of the plate 1 and 
a surface having no groove of the plate 2; and hydrogen is generated 
by catalysts 6. Fuel and oxygen-containing fluid are supplied to a fluid 
passage 4 to cause catalyst combustion reaction by the catalyst 5. 

That is, exothemnic reaction and endothermic reaction are concurrently caused at positions adjoined 
vertically to supply heat, required for reforming reaction, by combustion reaction. Consequently, reforming 
reaction is made without a burner, and moreover an auxiliary facility such as a reaction tank, heat insulati 
material, and a reaction pipe is eliminated for miniaturization. 
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Japan Patent Office is not responsible for any 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] ' * 

[Claim 1] The reforming machine which carries out the laminating of two or more plates which have a slot, forms a 
fluid channel and is characterized by the thing [ that a reforming catalyst is formed in the front face of a monotonous 
slot, and the combustion catalyst is formed for while adjoining by the front face of the monotonous slot on another 
side ]. 

[Claim 2] The reforming machine characterized by to perform eccrisis to the exterior of the product after the 
introduction to the catalytic-reaction layer and reforming reaction layer of the aforementioned fuel, and catalytic 
reaction, and the product after a reforming reaction with an internal manifold in the reforming machine which has th 
structure which carried out the laminating of the catalytic-reaction layer which is made to carry out catalytic reaction 
the fuel, and generates heat, and the reforming reaction layer which performs fuel reforming. 
[Claim 3] the reforming machine equipped with the porosity object which supported the catalyst which transforms th 
fuel which consists of a compound which has a hydrocarbon group to hydrogen — setting — a catalyst — porosity — th 
reforming machine characterized by being distributed over the inside of the body with a concentration inclination 
[Claim 4] The reforming system by which a part of aforementioned piping [ at least ] is characterized by the bird 
clapper from a shape memory alloy in the reforming machine equipped with piping which sends the fuel from a fuel 
tank to the fuel tank which contains fuel, the reforming machine which is made to carry out the reforming reaction of 
the fuel, and is made to generate hydrogen, and a reforming machine. 

[Claim 5] The fuel cell system characterized by carrying out the laminating of the reforming machine according to 
claim 1 with which a plate consists of a conductor, and the electrolyte plate pinched between an oxidizer pole, a fuel 
electrode, and two electrodes. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the fiiel cell system of structure suitable for especially the 
miniaturization, a reforming machine, and a reforming system about the reforming machine and reforming system 
which change into hydrogen the fuel which consists of a compound which has a hydrocarbon group, in order to supp 
hydrogen to a fuel cell system and a fuel cell. 
[0002] 

[Description of the Prior Art] In recent years, OA equipment and home electrification devices including a word 
processor and a personal computer are miniaturized with development of semiconductor technology, and portable- 
ization is demanded further. In order to satisfy such [ conventionally ] a demand, an easy primary cell and an easy 
rechargeable battery are used as a power supply of these devices. However, a primary cell and a rechargeable battery 
have a limit in a function top time, and, naturally a time is limited by the device using such a cell. When these cells a 
used, after electric discharge of a cell finishes, a time is [ as opposed to / the weight / with the conventional primary 
of what can exchange cells and can move a device ] short, and it is unsuitable for a portable device. Moreover, in a 
rechargeable battery, if electric discharge finishes, while it can charge, it needs an external power for charge, and a 
service space is not only limited, but the charging time is needed and there is a fault that operation of a device is 
interrupted. In order to operate various small devices for a long time for it to learn by experience, correspondence is 
difficult and a conventional primary cell and a conventional rechargeable battery require the power supply suitable fo 
the more nearly prolonged operation. 

[0003] Using a fuel cell system instead of the conventional primary cell or a rechargeable battery as one solution of t 
above-mentioned trouble is mentioned. The fuel ceir system is put in practical use as a large-sized power generating 
plant now. It has the advantage that it can generate electricity continuously, by generating electricity by supplying fu 
and an oxidizer to a fuel cell main part in a fuel cell system, using air as an oxidizer, and supplying only fuel from th 
outside further. Therefore, if the miniaturization of a fuel cell system can be performed, it is very effective in the 
operation of various small devices. 

[0004] Now, in the above-mentioned fuel cell system, according to the reforming mechanism which prepared the fue 
which usually consists of the compound and water containing a hydrocarbon group apart from the fuel cell main part 
reforms to hydrogen gas and is generating electricity by sending the hydrogen gas to a fuel cell main part. In order to 
consider as tiie power generation system for carrying in a device, it miniaturizes, and not only a fuel cell main part b 
reforming mechanism needs to reach, and it is necessary for it to be necessary to miniaturize a fuel cell system like 
****, and to make it efficient. 

[0005] Drawing 19 is the schematic diagram of the conventional reforming mechanism including the peripheral devi 
The heat insulator 102 is formed in the tank wall of the reforming tub main part 101. The coil currently installed in th 
reforming tub main part 101 consists of an outer tube 103 and an inner tube 104, and the interior of a coil is filled up 
with the reforming catalyst 105 which performs the reforming reaction of fuel. The nickel which ceramics were mad 
to support is used as a material of a reforming catalyst. The burner 106 is installed in order to heat to the temperature 
which maintains reforming activity with a sufficient reforming catalyst. The mixture of the hydrocarbon which is fue 
and water is supplied to a heat exchanger 107 with a pump 109 from a fuel tank 108. The fuel which consists of the 
compound and water which contain a hydrocarbon group using the heat which the combustion exhaust gas of a burne 
106 has is made to heat and evaporate in a heat exchanger 107. After the evaporated fuel is sent to the coil in the 
reforming tub main part 101 and is reformed in a coil at hydrogen, it is supplied to a fuel cell main part. When the 
reaction which, on the other hand, reforms the mixture of the compound and water containing a hydrocarbon group, 
and obtains hydrogen gas uses methane Two to 39 kcal/mol (25 degrees C) CH4+2H2 0->4H2+CO (1) 
When a next door and a methanol are used Two to 3 1 kcal/mol (25 degrees C) CH3 0H+H2 0->3H2+CO (2) 
All re endothermic re ction s illustr ted in next door, the bove (1), nd (2). In order to h ve m de the hove- 



meationed reaction occur efficiently, even when the methanol which reacts at low temperature comparatively 800 

degrees C or more by the case of methane is usually used, it is necessary to heat fuel in temperature of at least 150 

degrees C or more. In order to perform this heating, in the conventional reforming mechanism mentioned above, it is 

heating using the flame of a burner 106. However, if a fuel cell system is built into a device or it considers carrying, 

danger of calamities, such as a flame and a bum, will arise in heating using the flame of a burner. 

[0006] Moreover, if influence and a safety aspect are taken into consideration to a peripheral device, it is necessary t 

prepare a heat insulator etc. so that the heat in the reaction-vessel main part 101 may not leak outside. However, in 

having used the thick heat insulator, it is unsuitable for the miniaturization of a reforming mechanism, 

[0007] Moreover, although tubes, such as a product made from stainless steel, are used for piping, such as a coil in th 

conventional reforming mechanism, it is necessary to devise it not only to needing the volume of the tube itself, but 

providing the space for absorbing distortion by the thermal expansion to the length direction etc. Moreover, when us 

it, putting a granular catalyst in a coil, a tube diameter must be made thick to some extent, and this also serves as 

hindrance of a miniaturization. 

[0008] 

[Problem(s) to be Solved by the Invention] While needing a facility of a burner, a reaction vessel, a coil, etc. and 
needing volume in itself by the conventional reforming mechanism for the supply of heat which participates in a 
reforming reaction when the miniaturization of a reforming mechanism is taken into consideration as stated above, th 
miniaturization is difficult also from the point of a safety aspect. 

[0009] this invention aims at obtaining the fuel cell system using the reforming mechanism and it which were made 
cause the reforming reaction of fuel efficiently, and were suitable for the miniaturization by having been made in ord 
to solve the above-mentioned technical problem, and supplying heat required for a reforming reaction to a reforming 
catalyst, without using incidental facilities, such as a burner which was mentioned above, a reaction vessel, and a coi 
[0010] 

[Means for Solving the Problem and its Function] this invention is a reforming machine which carries out the 
laminating of two or more plates which have a slot, forms a fluid channel and is characterized by the thing [ that a 
reforming catalyst is formed for the front face of the slot on monotonous, and the combustion catalyst is formed / wh 
adjoining / for the front face of the monotonous slot on another side ]. 

[001 1] Hereafter, the basic structure of the reforming machine of this invention is shown using drawing 1 and drawin 
2 . In the reforming machine of this invention, the fluid passage 4 is formed according to the field which forms the fl 
passage 3 according to the field which has the slot of a plate 1, and the field which does not have the slot of a plate 2 
and has the slot of a plate 2, and the field which does not have the slot of a plate 1 by carrying out the at least two or 
more sheet laminating of the plate (a plate 1 and a plate 2 showing in drawing 1 .) which has a slot. 
[0012] The fragmentary sectional view of the reforming machine of the invention in this application is shown in 
drawing 2 . The plate 1 shown in drawing 2 and a plate 2 are equivalent to the plate 1 and plate 2 which are respectiv 
shown in drawing 1 . As for the front face of the slot formed in one plate 1 in the adjoining plate, the reforming catal 
6 is formed. Moreover, the combustion catalyst 5 is formed in the front face of the slot formed in the plate 2 which 
adjoined the plate 1. The laminating of the plate 1 in which each reforming catalyst 6 was formed, and the plate 2 in 
which the combustion catalyst 5 was formed is carried out by turns. 

[0013] The fuel which consists of a compound including hydrocari)on mind and mixture of water is supplied to the 
fluid passage 3 formed of the field which has the slot of the plate 1 which formed the reforming catalyst 6 shown in 
drawing 2 in the reforming machine of the above composition, and the field which does not have the slot of a plate 2 
and it is made to generate hydrogen by the reforming reaction. Moreover, fuel and an oxygen content gas are supplie 
to the fluid passage 4 formed of the field which has the slot of the plate 2 in which the combustion catalyst 5 was 
formed, and the field which does not have the slot of a plate 1, and a catalyzed-combustion reaction is made to cause 
the combustion catalyst 5 in the front face of the slot of a plate 2. In addition, air may substitute the aforementioned 
oxygen content gas. 

[0014] The catalyzed-combustion reaction which occurs in the fluid passage 4 here needs to be exothermic reaction. 
The heat produced by the aforementioned catalyzed-combustion reaction is conducted to the field which has the slot 
a plate 1 through a plate 1, and is used for the aforementioned reforming reaction produced in the reforming catalyst 
of the front face of the slot of a plate 1. That is, by carrying out the laminating of the plate 2 which has a combustion 
catalyst, and the plate 1 which has a reforming catalyst, the invention in this application makes the catalyzed- 
combustion reaction which is exothermic reaction, and the reforming reaction which is endothermic reaction occur 
simultaneous in the adjacent position, and suppUes heat required for a reforming reaction by the catalyzed-combustio 
reaction. 

[0015] A reforming reaction can be produced efficiently, without using the flame by the burner, and by that cause, 
since the structure is a monotonous layered product, a burner is begun, incidental facilities, such as a reaction vessel. 



heat insulator, and a coil, become unnecessary, and a small reforming machine can be offered. 
[0016] moreover, as a method of carrying out a laminating to the layer which makes a reforming reaction occur, and 
layer which makes catalytic reaction occur One field of the septum of one sheet other than the composition of the 
invention in this application is coated with a reforming catalyst bed. Although the method of forming passage and 
carrying out the laminating of the element which coated the field of another side with the combustion catalyst bed 
alternately with the front reverse side, and the method of making a catalyst which is different in the passage which 
forms the passage of the shape of much honeycomb and adjoins by extruding and casting material support can be 
considered When manufacture of the reforming machine in the above-mentioned structure is considered, the plate 
which formed a kind of catalyst in one side like the invention in this application is compared with the method of 
carrying out a laminating. An effective catalyst bed cannot be formed substantially difficultly [ changing the conditio 
at the time of forming each catalyst bed (burning temperature, a firing time, firing environments, etc.) for every 
formation part of each catalyst ] therefore. Since a kind of catalyst is formed to the plate of one sheet in the reformin 
machine of this invention and the optimal formation conditions can manufacture for every catalyst, it is practical. 
[0017] Especially the monotonous quality of the material that, on the other hand, has a slot concerning this invention 
has the desirable matter with large thermal conductivity, although semiconductors, such as ceramics, a metal, and 
silicon, a macromolecule resin board, etc. are not restricted. 

[0018] The plate which has a slot is processed the plate of the above-mentioned quality of the material, the purpose s 
is mechanically processed into convex, and the method [ cutting ] of carrying out pressurization molding and 
manufacturing with metal mold, is mentioned. Moreover, it is also possible to form a slot by chemical processing etc 
moreover, ultra-fine processing technology, such as etching technology and lithography technology, - using — a 
monotonous material-list side ~ a photosensitive resist ~ applying - the mask of the slot on target - using - exposu 
- and it **********s and a slot can also be formed A well-known catalyst can be used as a reforming catalyst and a 
combustion catalyst. 

[0019] Pt, nickel, Cu, Zn, aluminum, Pd, Au, etc. can be used for a reforming catalyst as a simple substance or an all 
moreover, ZnO, FeO, Cr, Cr 203, BeO, K2 O, and W03 etc. - it can use moreover, Fe2 03-Cr2 03-K2 O and Cr2 O 
aluminum 203 Fe2 03-Mo03 etc. - plural catalysts are mentioned , 

[0020] Moreover, as a combustion catalyst, noble metals, such as Pt, Au, and Ag, etc. can be used as a simple 
substance or an alloy. Furthermore, such as Cu, CuO, Cul2, Ag2 O, Zn, Hg, Pd and PdC12, Co, OsO 

Fe, FeO and Mo03, Cr, V, V2 03, Ti03, TeO, Se and SeO, P2 05, and PbO, Pb, Sn, SnO, Ba, BaO, calcium, 
moreover, the V2 05-K2 S04-diatom earth, a hob calite (Mn02, CuO, Co 203, AgO), and Ag2 0-aluminum 203 C 
0-SeO, V2 05-K2 S04-silica gel, and Fe2 03 -Cr 203 etc, - plural catalysts are also mentioned 
[0021] Since a porosity object is formed in the front face of the slot formed monotonously, it distributes granular, 
reaction area of make [ it / the shape of an island and / support ] increases on a porosity object and the utilization fac 
of these catalysts of a catalyst improves, they are desirable. 

[0022] In order to make a porosity object form in the front face of a monotonous slot, there are various methods. For 
example, when forming in the front face of a monotonous slot the porosity object which consists of an alumina, after 
coating a slot front face with metal aluminum, metal aluminum is heated in oxygen atmosphere and it oxidizes, or an 
oxidizer can be made to be able to act, it can be made to be able to oxidize, and the porosity object which consists of 
alumina can be formed. Moreover, you may oxidize the quality of the material of the monotony itself for example, - 
it masks and a monotonous front face is oxidized, after forming a slot in the substrate which consists of silicon - the 
front face of a slot - Si02 from - the becoming porosity object can be formed 

[0023] Moreover, the quality of the material of a porosity object is the above-mentioned aluminum 203 and Si02. 
Si02-aluminum 203 further formed by the other methods, a viscosity mineral, MgO and Ti02, alpha-aluminum 203 
the diatom earth, silicone carbide, an alundum, etc. are mentioned to others. 

[0024] Moreover, the aforementioned catalyst can be made to form in the front face of a monotonous slot by various 
methods. For example, the method of forming the above-mentioned catalyst in the plate which used the combustion 
catalyst or the reforming catalyst as the target, and formed the slot by sputtering may be used. A catalyst can be form 
in the front face of a uniformly monotonous slot by forming a catalyst by sputtering. 

[0025] It is desirable to use what added oxygen or hydrogen the below -3 Vol % grade more than 0.3Vol(s) % into in 
gas, such as an argon, as a controlled atmosphere as conditions at the time of sputtering at this time. The activity of a 
catalyst can be raised as compared with the case where this uses the controlled atmosphere of only inert gas. 
[0026] Moreover, in order to make the front face of the monotonous slot in which the porosity object was formed 
support a catalyst, by sputtering, in a metal catalyst, a porous layer is irradiated or the method of drying and calcinati 
a catalyst metal saltwater solution or colloid after sinking into a porous layer, is mentioned. Moreover, after coating 
monotonously as a mixed slurry the raw material component and catalyst component of a porosity object, the method 
of carrying out dryness baking may be used. 



[0027] You may carry out the inclination distribution of the concentration of a catalyst particle as it is shown in 
drawing 3 ] when making the porosity object formed in the front face of a monotonous slot support a catalyst. Drawi 
3 is the fragmentary sectional view of the porous body which supported the catalyst. In drawing 3 , the catalyst suppo 
12 shows the porous body formed in the front face of a monotonous slot, and 1 1 shows a catalyst particle. As for the 
concentration of a catalyst particle, it is desirable to form so that the path side of fuel may serve as the maximum. 
[0028] The porous body over which the catalyst was distributed so that it might have inclination concentration can u 
like **** the element which has a reforming catalyst in one field of the septum of not only a reforming machine but 
one board, and has a combustion catalyst for the field of another side also for the reforming machine of the type whic 
forms and carries out the laminating of the passage alternately with the front reverse side Uke the invention in this 
application. 

[0029] Drawing 4 is the fragmentary sectional view showing the composition of a reforming machine. As shown in 
drawing 4 , the catalyst support 12 is a porous body, and an inclination distribution is carried out and one field is 
supported so that the combustion catalyst particle 13 may have concentration with surface high one. Moreover, an 
inclination distribution is carried out and another field is formed so that the reforming catalyst particle 14 may have 
concentration with surface high one similarly. A laminating is carried out so that it may have the space which the 
catalyst side where a catalyst support is of the same kind like **** faces each other as composition of a reforming 
machine, and serves as the fluid passage 15 and 16. It is desirable to form the thermally conductive segregant 17 whi 
the fuel and the product which are supplied to each passage are not mixed, and does not bar conduction of heat in the 
boundary of the portion which has the distribution of the combustion catalyst particle 13, and a portion with the 
distribution of the reforming catalyst particle 14, Moreover, the passage 15 of fuel and a product can be established i 
the front face or the interior of each catalyst support 12. ( Drawing 5 ) 

Moreover, the laminating of the support in which the path 16 of fuel and a product is established in the interior with 
concentration inclination of a support, and the path of this path has inclination change can be carried out, and it can a 
be constituted. ( Drawing 6 ) 

The following method is mentioned to the forming method with the concentration inclination of the supported cataly 
of a catalyst support. Here, let A or B be a catalyst or support material. 

1) Infiltration process [0030] They are melting and the method of making permeate and burying about B of others 

[ opening / of a porous body A ]. If wetting with a porous body avoids using low B of the melting point from a porou 
body A, an opening will be permeated in capillarity. It is also possible to infiltrate combining the green compact of A 
and B to serve also as sinter bonding. Moreover, heat treatment is required. It becomes the support which changed 
change of the opening of A, or the mixing ratio of A and B, and was able to do the concentration inclination of A or 
by use of a green compact. 

2) Powder rolling [003 1] Powder A is used as a powder-compacting board directly continuously by the reduction rol 
and it sinters succeedingly, considers as a porosity sintering board, and considers as the rolled plate of true density w 
hot rolling further. By either of this process, Powder B is supplied and it becomes the support which was able to do t 
concentration inclination of A and B by changing the amount of Powder B and repeating the still more nearly same 
process. 

3) ********** [0032] **** of A and B is sprayed with nitrogen gas, and if the amount of spraying of A and B is 
changed, **** deposition is carried out repeatedly and it removes by the method of carrying out **** deposition and 
fabricating, rotating the round bar as a cooling collector, it will become the support which was able to do the 
concentration inclination of A and B. 

4) It becomes the support which made the layer of the green compact which changed the mixing ratio with the other 
methods A and B, and was able to do the concentration inclination of A and B by the **** fabricating methods, such 
between [, such as between a sinter forging process and heat, ] the **** fabricating method and pseudo-heat, etc, 
[0033] Like ****, a reaction occurs with activity most in the surface layer of a porous body with much osmosis of fu 
in the reforming vessel using the porous body over which the catalyst was distributed so that it might have inclinatio 
concentration, and in the interior of a porous body with little osmosis of fuel, a reaction occurs and an imperfect 
reaction cannot occur easily. Therefore, for the supplied fuel, it is ****** to suppress to the minimum generation of 
matter which is used for a reaction at the maximum and serves as the catalyst contamination or catalyst poison by 
generating of the carbon and the carbon monoxide accompanying the imperfect reaction of fuel. Moreover, since a 
reaction occurs also inside a porous body, heat loss is suppressed in the heat exchange in a reforming reaction and th 
cataly zed-combustion section. Therefore, the efficiency of a reforming machine improves. 

[0034] Now, the plate in which the reforming catalyst as shown in drawing 1 mentioned above on the other hand wa 
formed, and the plate in which the combustion catadyst was formed are set in the reforming vessel of composition of 
having carried out the laminating. In the fluid passage 3 formed of the field which has the slot of the plate 1 in which 
the reforming catalyst 6 was formed, and the field which does not have the slot of a plate 2 It is necessary to supply t 



mixture of a hydrocarbon and water and to supply the mixture of fuel and oxygen to the fluid passage 4 formed of th 
field which has the slot of the plate 2 in which the combustion catalyst 5 was formed, and the field which does not ha 
the slot of a plate 1. Moreover, since the hydrogen, carbon dioxide, and carbon monoxide which are a product arise i 
fluid passage 3 lower stream of a river and products, such as a carbon dioxide and water, arise in the fluid passage 4, 
is necessary to discharge these products separately. It is desirable to use an internal manifold for two or more sorts of 
different fluids between the layers of such a layered product, supply and in case it discharges. Thereby, the supply pi 
of a fluid and an exhaust pipe are simplified. Drawing 7 is the perspective diagram showing some reforming machin 
of this invention. In drawing 7 , the plate 20 has the slot which forms the fluid passage 21, and the combustion cataly 
(not shown) is formed on the surface of the slot. Moreover, the plate 22 also has the slot which forms the fluid passa 
23 similarly, and the reforming catalyst (not shown) is formed on the surface of the slot, and monotonous The 
laminating of 20 and the plate 22 is carried out by turns, a downward plate 20 and a downward plate 22 - following 
and each plate 20a and 20b- it considers as plate 22a and 22b- The fluid (hydrogen gas in this case) which flows ou 
of the fluid passage 21 in the direction of an arrow 24 in a plate 20 In the plate 20 by which the laminating was carrie 
out further caudad, and the hole 25 prepared in plate 20a of this composition, the fluid from the fluid passage in plate 
20a is joined via the hole 26 which left the hole 25 which connects with passage and is opened monotonously, and w 
prepared in the same position of the adjoining plate 23. In plate 25b, unification is repeated similarly below, and the 
fluid from each fluid passage on monotonous is discharged at the bottom of a laminated-structure object. 
[0035] On the other hand, supply of a fluid is explained taking the case of a plate 22. Supply of a fluid is performed 
from the hole 27 connected and prepared in fluid passage for the upstream of the fluid passage 23 of a plate 22 at the 
case of eccrisis, and reverse, and it is further sent up through the hole 28 prepared in the adjoining plate 22. 
[0036] Thus, piping is simplified that what is necessary is just to connect a charging line and-one eccrisis piping to th 
systems of a reforming reaction and a combustion reaction at a time, respectively by equipping the homotopic of the 
ends of each plate with the hole connected with fluid passage, and the hole which has not been connected. 
[0037] Moreover, when an internal manifold is used like the invention in this application, the fluid passage 21 and 23 
can consider as parallel or a rectangular cross with the position which a hole 25 and a hole 26, a hole 27, and a hole 2 
prepare. By adjusting the hole monotonously prepared so that especially fluid passage 21 and 23 may be made into a 
parallel flow and the supply direction of fijel and reforming fuel of a catalyzed combustion may be poured in this 
direction, and each direction of fiael supply, the distribution of the temperature on monotonous equalizes and a 
reforming reaction progresses still more efficiently. 

[0038] or [ supplying fuel intermittently, if the whole reforming machine goes up in the reforming machine which 
carried out the laminating of the layer (reforming layer) which starts ** from an endothermic by the layer (catalyzed 
combustion layer) and the reforming reaction which causes the exothermic reaction by the catalyzed combustion like 
the invention in this application to the purpose temperature to which a reforming reaction is sufficient for happening 
efficiently in a reforming layer ] — or it is desirable to adjust and to keep temperature constant There is no fiitility of 
fuel supplied to a catalyzed-combustion layer by that cause, and risk of depending for going up too much of 
temperature can also be prevented. It controls by a certain method using the bulb controller for adjusting the bulb and 
the amount of fuel supply which were prepared in the pipe which connects a fuel tank and a reforming machine as a 
method of sending fuel to the catalyzed-combustion layer or reforming reaction layer of a reforming machine from a 
fiiel tank, and there is the method of supplying the fuel of an initial complement. A miniaturization will become 
possible if the micropump especially by ultra-fine processing technology is used. 

[0039] Moreover, it is also possible to make a fuel tank into a uniform pressurization state, to form some pipes which 
connect a fuel tank and a reforming machine by the shape memory alloy, to make this pipe made from an alloy 
transform by the temperature change, and to adjust the amount of supply of fuel. It explains concretely below. 
[0040] The conceptual diagram showing an example of the reforming system using piping which becomes drawing 8 
fi*om a shape memory alloy is shown. A part of piping (inside 43 and 44 of drawing) which performs fuel supply fro 
fuel tank 41 to the reforming machine 42 of this invention is formed by the shape memory alloy. In drawing, 43 is 
shape memory alloy piping for reforming fuel supply, and 44 is shape memory alloy piping for cataly zed-combustio 
fuel supply. The laminating of a catalyzed-combustion layer and the reforming layer is carried out, and the fuel supp 
to each class can perform [ an internal manifold ] the reforming machine 42 now from one place respectively. On bo 
sides of the shape memory alloy piping 43 and 44, the laminating of such two reforming machines is carried out. The 
shape memory alloy piping 43 and 44 is connected to the fiiel feed holes of the reforming machine 42. If the piping 4 
for catalyzed-combustion fuel supply has low temperature, it will be opened, and if temperature becomes high, it wil 
be closed, 

[0041] Moreover, if the piping 43 for reforming fuel supply has low temperature, it will be closed, and if temperature 
becomes high, it will be opened. Specifically, if opening and closing of the shape memory alloy piping 43 and 44 rea 
fixed temperature with piping, it will fold up, change of configurations, such as being crushed, will arise, piping will 



closed, and narrowing down and when the reverse configuration change takes place, piping will open it. By carrying 
out a laminating to the reforming machine 42, the shape memory alloy piping 43 and 44 corresponds to change of th 
temperature of the reforming machine 42, and adjusts the amount of the fuel which opens and closes piping and is 
supplied. 

[0042] Since the temperature of the reforming machine 42 is low immediately after a start up, as for the piping 44 fo 
catalyzed-combustion fuel supply, fuel is supplied to the catalyzed-combustion layer in the aperture reforming mach 
42. A catalyzed combustion arises in this layer, the temperature of the reforming machine 42 rises, the piping 43 for 
reforming fuel supply opens, and fuel is supplied to the reforming layer of the reforming machine 42. Moreover, if fu 
is superfluously supplied to the aforementioned catalyst bed and the temperature of the reforming machine 42 rises t 
much, in piping 44, closing fuel supply will decrease. As mentioned above, piping 43 and 44 adjusts the amount of 
supply of fuel according to change of the temperature of the reforming machine 42, and it excludes the futility of 
supply of fuel while it reaches the temperature of a reforming machine and keeps the amount of reforming constant. 
[0043] Moreover, when fuel-supply piping using the shape memory alloy is applied to the fuel cell system which 
combined the reforming machine and the fuel cell, it can also give the function to adjust the amount of fuel supply to 
reforming machine, according to the amount of hydrogen supplied to the fuel cell. It explains concretely below. 
[0044] Drawing 9 shows the fuel cell system which applied fuel-supply piping which consists of a shape memory all 
As for a fuel tank and 42, in drawing 9 , 41 is [ a reforming machine and 45 ] fuel cells. A part of piping which supp 
fuel to a reforming machine is the piping 46 which consists of a shape memory alloy from the fuel tank. A heater 47 
installed and the circumference of piping 46 can heat piping 46 now. Piping 46 is in the state which the pipe opened, 
a heater 47 does not operate, and if a heater 47 operates, it uses piping which will be in the state where the pipe close 
Moreover, the hydrogen produced with the reforming vessel 42 is supplied to a fuel cell by piping 48. The pressure 
sensor is installed in the hydrogen feed holes of a fuel cell 45. The pressure sensor 49 is set up so that the heater 47 i 
the circumference of piping 46 may be operated according to the hydrogen amount of supply of a fuel cell. In such a 
fuel cell system, since the hydrogen pressure force of hydrogen feed holes is improved when hydrogen is superfluou 
supplied rather than the capacity of a fuel ceil from the reforming machine 42, a pressure sensor 49 operates and a 
heater 47 operates. Piping 46 closes in connection with it, and supply of the fuel for a reforming machine is stopped. 
Moreover, when supply of hydrogen decreases and the hydrogen pressure of hydrogen feed holes falls, a rest and 
piping 46 open [ the operation of a heater 47 ], and fiiel is supplied to the reforming machine 42. 
[0045] What is necessary is just to select suitably the working pressure of a pressure heater, and a temperature setup 
a heater 47 according to the operation situation of a fuel cell system in the above-mentioned fuel cell system. 
Moreover, you may use a temperature sensor instead of a pressure sensor. 

[0046] thus, the thing for which a shape memory alloy is used for piping - the bulb adjustment for fuel adjustment - 
an instrument — without it uses material ~ small — a lightweight reforming system or a fuel cell system is obtained 
Moreover, the futility of fuel can be excluded and it can be made to operate efficiently. 

[0047] On the other hand, since the reforming machine of the structure of the invention in this application consists of 
monotonous layered products, the laminating of it can be carried out with the stack (electrolyte plate ****(ed) by a f 
electrode, an oxidizer pole, and two electrodes at least) of a fuel cell, and it can offer the fuel cell system by which th 
reforming machine and the fuel cell were united. Thereby, a compact power plant can be obtained. 
[0048] The schematic diagram of the fuel cell system which becomes drawing 10 from the reforming machine of the 
invention in this application and the layered product of a fuel cell stack is shown. In drawing 10 , 30 is the reforming 
machine of the invention in this application which carried out the laminating of the plate which formed the combusti 
catalyst or the reforming catalyst monotonously. Moreover, as for an electrolyte plate and 32, 3 1 is [ a fuel electrode 
and 33 ] oxidizer poles. The passage 34 and 35 of hydrogen gas and oxidizer gas is estaWished in the fuel electrode 3 
and the oxidizer pole 33, respectively. 

[0049] The fuel which consists of a compound which has hydrocarbon groups, such as a methanol, and mixture of a 
steam is supplied to the passage which has the reforming catalyst of the reforming machine 30. The hydrogen gas of 
product is supplied to the fuel electrode 32 of a fuel cell through the passage of another system. Moreover, piping wi 
be simplified if it constitutes so that the oxidization acid gas passageway of the fuel electrode which the hydrogen 
which adjoins a fuel electrode, constitutes the passage which has a reforming catalyst, and is produced in this passag 
adjoined directly may be supplied. In this case, when the hydrogen gas permselective membrane 37 is formed betwe 
the fuel electrode and the plate in which the reforming catalyst was formed, only pure hydrogen is supplied to a fuel 
electrode and is desirable. Moreover, air is taken in in the passage which has the combustion catalyst of the reformin 
machine 30 from the exterior as air for fuel and combustion, or the waste gas from the air pole 33 of a fuel cell or the 
are mixed and supplied to it. As fuel for combustion supplied to this passage, the waste gas (unreacted hydrogen) fro 
[ from the outside ] hydrocarbons or a fuel electrode is supplied. 

[0050] The reforming machine of the invention in this appUcation is used for the endothermic reaction in the plate in 



which exothermic reaction arose and the heat formed the reforming catalyst in the plate in which the combustion 

catalyst was formed. Moreover, in a fiiel cell, although heat occurs at the time of power generation, in order to heat t 
operation temperature to during starting or to heat to proper temperature at the time of power generation, it can use. 
[0051] It not only can attain miniaturization, but by carrying out the laminating of the reforming machine of the 
invention in this application to a fuel cell, it can become easy to use mutually the heat generated in each, and it can 
raise the utilization factor of heat, 

[0052] In drawing 10 , although the stack of a fuel cell indicated one example, you may carry out the laminating of 
further two or more fuel cells and reforming machines by turns. You may carry out the laminating of the reforming 
machine to what carried out the laminating of two or more fuel cell stacks to the serial, 

[0053] Moreover, the stack of a fuel cell is electrically connected in series through the plate to which the laminating 
the reforming machine was carried out by forming the plate which forms a reforming machine with the material whic 
has electric conductivity, and carrying out a laminating to a fuel cell stack. Therefore, wiring between the stacks of th 
fuel cell by which the laminating was carried out through the reforming machine becomes unnecessary, and it becom 
possible to take out system-wide power to the ends of the whole laminated structure. 

[0054] What is necessary is just a fuel cell using not the thing that limits the kind of fuel cell which carries out a 
laminating in this invention but the fuel which reformed the hydrocarbon. For example, the fuel cell which used the 
solid-state polyelectrolyte film (for example, product made from tradename Nafion Du Pont) and the hydrogen ion 
conductor (for example, sintered compact of a hydronium, an ammonium beta alumina or beta Gaul, and 3 cerium- 
oxide strontium) for the electrolyte, the fuel cell which used the oxygen ion conductor (for example, stabilization 
JIRUKONTUA) for the electrolyte are mentioned. 

[0055] Moreover, when the layered product of the reforming machine using the plate which consists of material whic 
has electric conductivity in drawing 10 , and a fuel cell is formed, Fluid passage which has the reforming catalyst of 
reforming machine is made into the fluid passage 36. between the fluid passage 36 and the hydrogen gas passage 34 
a fuel-cell-fuel pole By having the hydrogen ion (proton) conduction film 37 with which both sides have catalytic 
activity and electrical conductivity, it is possible to make it move into the fluid of a fuel-cell-fuel pole, and to make 
hydrogen react alternatively out of the fluid reformed by the reforming catalyst bed on the fuel-cell -fuel pole. Althou 
the compound containing a hydrocarbon group is reformed and hydrogen, a carbon monoxide, and a carbon dioxide 
generate in the fluid passage 36 which has a reforming catalyst, unreacted hydrocarbons and unreacted water also 
remain in a fluid. If both sides install the hydrogen ion (proton) conduction film 37 which has catalytic activity and 
electrical conductivity between this fluid and the fluid of a fuel-cell-fuel pole, the front face of the film which touche 
the passage 36 which has a reforming catalyst will be used as an anode plate, and the potential difference will be 
produced by using as cathode the front face of the film of the side which touches the passage 34 of a fuel -cell-fuel po 
At this time, the following reactions occur by a membranous anode plate and membranous cathode. 
Anode plate; H2 ->2H++2 eC0+H2 O ->C02+2H++2e cathode; 2H++2e ->H22H++2e -> H2 [0056] The partial 
pressure of the hydrogen and the carbon monoxide in the fluid of the passage of a reforming catalyst bed falls, and 
advance of a reforming reaction is promoted by this reaction. Moreover, in the front face of the film of the side whic 
touches the passage 36 of a fuel-cell -fuel pole, only hydrogen generates and high grade hydrogen is used on the fuel- 
cell-fuel pole for power generation. In order to consume a part of power produced from the fuel cell by which the 
laminating is carried out electrically [ the potential difference of membranous both sides ], and structurally and to ma 
it generated, the electric power supply from the outside is unnecessary. Moreover, since a reforming machine has 
electric conductivity, an electric laminating with a fuel cell stack is possible, and electric wiring is unnecessary. 
According to this invention, since a reforming reaction and the electrode reaction of a fuel cell are promoted, the 
improvement in use efficiency of a hydrocarbon and miniaturization of equipment can be attained. Furthermore, by 
connecting a capacitor and a rechargeable battery to each of a fuel cell stack in parallel electrically in this invention, 
even when power generation by fuel cell electrodes, such as during starting of a system, is inadequate, the electric 
power supply to the exterior is possible. Moreover, a capacitor and a rechargeable battery also become the power 
source of tfie during starting in the case of supplying hydrogen to a fuel-cell-fiiel pole through a hydrogen ion 
conductive film from the passage of a reforming machine, and starting of a system becomes easy. 
[0057] 

[Example] An example explains the reforming machine of this invention below. 
(Example 1) 

[0058] 0. Two or more plates made from nickel which applied the sensitization resist to the nickel board of 1mm 
thickness, **********ed after exposure development in 0.3mm pitch at intervals of 0.15mm, and formed the pitch 
0.3mm slot in a depth of 0.6mm with width of face of 0, 1 8mm were created. 

[0059] After [ which was masked monotonously ] being obtained, platinum was used as the target, the spatter was 
carried out for 10 seconds in the argon atmosphere containing pressure 10-3Torr and 1% of oxygen, and the 



combustion catalyst of the shape of an island with an average thickness of 0.5 micrometers was formed in the front f 
of a monotonous slot. Created ten plates (it considers as a plate 2 below) which formed the combustion catalyst by th 
same method. After masking the plate made from nickel which **********ed by the method of the another side abo 
and the same method, The alloy of copper and zinc was used as the target, the spatter was carried out for 10 seconds 
pressure 10-3Torr and the argon atmosphere of 1% of hydrogen, and the reforming catalyst of the shape of an island 
with an average thickness of 0.5 micrometers was formed in the front face of a monotonous slot. Ten plates (it 
considers as a plate 1 below.) which formed the reforming catalyst by the same method were created. As shown in 
drawing 1 , the laminating of the plate 1 and plate 2 which were obtained by the above-mentioned method was carrie 
out by turns one by one, sheathing was twisted with the glass wool and the aluminum foil, and the reforming machin 
was obtained. 

[0060] Next, it operated about the reforming machine obtained as mentioned above. Since the temperature in the flui 
passage 4 went up a methanol and air to it at about 200 degrees C when composite fuel was poured to the fluid passa 
4 which has a combustion catalyst on the surface of a slot, the fuel which mixed a methanol and water to the fluid 
passage 3 1:1 was poured. As a result, a methanol and water evaporated and hydrogen was changed further. The 
conversion rate to the hydrogen of a methanol was 60% - 70%. 
(Example 2) 

[0061] The reforming machine was obtained by the same method as an example 1 except the gas atmosphere at the 
time of sputtering at the time of forming a reforming catalyst and a combustion catalyst in the plate in which the slot 
was formed being the argon atmosphere containing pressure 10-3Torr and 1% of oxygen. 

[0062] It actually operated about the obtained reforming machine. When the composite fuel of a methanol and air wa 
poured to the fluid passage 4 which has a combustion catalyst on the surface of a slot and the fuel of one 5 times the 
volume of this was poured to it as compared with the case of an example 1, the temperature of the fluid passage 4 we 
up to about 200 degrees C. Next, the fuel which mixed a methanol and water to the fluid passage 3 1:1 was poured. A 
a result, a methanol and water evaporated and it was further changed into hydrogen. The conversion rate to the 
hydrogen of a methanol was 15% - 25%. 
(Example 3) 

[0063] In this example, an example when the fuel supply and the product eject direction to the fluid passage which 
forms an internal manifold in a reforming machine and has a reforming catalyst, and the direction of the fuel supply 
and product discharge to the fluid passage which has a combustion catalyst intersect perpendicularly is shown. 
[0064] oxidizing thermally a silicon wafer (100) (a field, 500-micrometer **) first - a front face ~ Si02 the 
hydrofluoric acid after forming and imprinting a predetermined pattern using lithography technology - Si02 it is - 
selection removal was performed Next, the slot 52 on the trapezoidal shape was formed like drawing 1 1 on the surfa 
of the wafer by performing anisotropic etching using the solution of an ethylenediamine system. At this time, the dep 
of flute set to about 100 micrometers, and the pitch was set to about 1mm. The ends of a slot have formed deep groov 
53 and 54 so that the fluid which passed through each slot may be mixed, one side considered as opening for 
connection with the passage from a lower part, and another side considered only the upper part as opening for 
connection with the upper part. Moreover, the slot 55 which opened this wafer wide to path connection of one fluid 
when carrying out a laminating to the object for fuel gas and. heating fluids by turns was formed. It was presupposed 
after each etching process end that it is about the silicon-substrate 51 whole configuration like drawing 1 1 by dicing. 
[0065] By the spatter etc., the combustion catalyst bed was formed in the path like the above at the silicon substrate 5 
in which the fluid path was formed. Moreover, the silicon substrates 56-60 of a configuration as separately shown in 
drawing 12 by the same method as a silicon substrate 51 were manufactured. The combustion catalyst was formed in 
silicon substrates 56 and 58, and the reforming catalyst was formed in the silicon substrate 57. Like drawing 12 , it 
pasted up by the direct pasting-up method and the laminating of each wafer was carried out so that the substrate 57 f 
a reforming reaction and the substrate 56 for catalyzed combustions might intersect perpendicularly. By pasting up 
directly, the slot formed in the front face of a substrate 56 by adhesion with substrates 56 and 57 becomes one passag 
respectively by the base of a substrate 57. 

[0066] By considering as the structure where the upper and lower sides of the substrate 57 for a reforming reaction 
serve as the substrates 56 and 58 for intermediation combustion, the reforming section of fuel gas can be heated 
uniformly. Moreover, the fuel gas entrance 62, the hydrogen content gas outlet 64 after reforming and the gas inlet 6 
for heating, and the outlet 63 were formed in the bottom and the topmost part of a laminated structure like drawing 1 
for piping of each fluid. 

[0067] The cross section of the reforming machine concerning this invention was shown in drawing 13 . The substra 
which carried out the laminating was fixed in the reformer like the above with the fixtures 65 and 66 which produced 
silicon by **********ing. Fuel gas and the minute breakthrough for heating fluids are formed in the fixture, and it 
connected with piping by the low melting glass etc. 



[0068] Moreover, the micropumps 72 and 73 produced with ultra-fine processing technology were installed in the pa 
fi-om a fuel-supply tank to a reformer. This micropump is produced by anode plate junction in silicon and a Pyrex gla 
The passage of a fluid is formed by etching of silicon, and the diaphram is formed in the Pyrex glass by etching, and 
the piezo actuator is attached in the upper part of a diaphram. By impressing voltage to this actuator, when a diaphra 
fluctuates, specified quantity style ****** becomes possible about a fluid. 

(Example 4) The supported catalyst shows the example of the reforming machine using the porous body which has a 
. inclination concentration distribution again. 

[0069] It is made to fall uniformly on the tungsten (3370 degrees C of melting points) board heated at 2500 degrees C 
which puts 33g of aluminum-oxide (2050 degrees C of melting points) fine particles into the hopper of 1mm of 
diameters of opening, and they are made to carry out natural fall, and puts lOg (1455 degrees C of melting points) of 
nickel metal powders into the hopper of 0. 1mm of diameters of opening, and is carrying out both-way operation at 
50mm/s. A nickel support aluminum-oxide rolling object with a thickness of 2mm is fabricated decompressing the 
tungsten (3370 degrees C of melting points) roll heated at 2500 degrees C at both the sides of the point of fall of fine 
particles by lOOg of speed per second from 10kg of loads. Platinum (1773 degrees C of melting points) is similarly 
used instead of a nickel metal powder, and a platinum support aluminum-oxide rolling object is fabricated. These 
rolling object was removed from the tungsten board, after immersing and infiltrating to the side the field of the roUin 
object removed from the tungsten board into a copper (1083 degrees C of melting points) molten metal, it took out, t 
side of the ends of a couple was cut off, respectively, thermocompression bonding of the field which wetted wet with 
copper so that it might cut off and a field might cross was piled up and carried out, and it was bound. 
[0070] Nickel support aluminum-oxide rolling dignity arranged this forming board with nickel support aluminum-ox 
rolling dignity, platinum support aluminum-oxide rolling dignity arranged the cut end with platinum support 
aluminum-oxide rolling dignity, the six-sheet laminating was carried out, and the reforming machine was assembled 
[0071] A platinum support aluminum-oxide porosity rolling object with a gangway cuts off, a methanol steam and 
superfluous air are made to flow with two atmospheric pressure from a field, the nickel support aluminum-oxide 
porosity rolling object which has a gangway on tiie other hand cuts off, and the steam of mols [ steam / methanol ] is 
made to flow with two atmospheric pressure from a field. And when a part of RIHOMA was raised to 150 degrees C 
more and a methanol and oxygen were lit, change of hydrogen generating concentration was not seen for 100 hours o 
more. 

(Example 5) 

[0072] In this example, the fuel cell system at the time of applying piping which turns into piping which carries out f 
supply from a fuel tank to a reforming machine from a shape memory alloy is explained in the reforming machine of 
the invention in this application. 

[0073] It opened in the front rear face four holes of 5mm of diameters as a filler neck 92, an exhaust hole 93, and a 
bleeder 94 beforehand like drawing 14 at thin nickel with 0.2mm [ in thickness which carried out solder plating ], an 
size of 100x300mm. Furthermore, the front face was **********ed and width of face of 10mm and a depth of 0. Im 
were created as pitch 1mm, a length of 70nmi, width of face of 0.5mm, depth a striation 89 of 0.1mm, the refiieUng s 
90, and an exhaust air slot 91 . the object for reforming, and the object for combustion ~ it created three each at a tim 
Thus, covering was attached to the irregularity of the striation section on the created front face of a substrate, and the 
portion except each slot, the oxidation catalyst was attached to combustion and the reforming catalyst was thinly 
attached to reforming by the spatter, respectively. The laminating of these was carried out by turns, and the laminatin 
was pressed and carried out at 230 degrees C, and it considered as the reforming machine. The fuel cell system was 
created like drawing 15 using the reforming machine obtained by the above-mentioned method. 
[0074] As for a fuel tank 42, 41 is [ the above-mentioned reforming machine and 45 ] fuel cells. The shape memory 
alloy piping 46 is used for a part of piping which supplies fuel to the reforming machine 42 from the fuel tank 41 wh 
enabled it to pressurize the pipe line uniformly. The heater 47 is wound around this shape memory alloy piping 46. 1 
ordinary temperature, the shape memory alloy piping 46 is closed and is opened by heating a heater 47. The shape 
memory alloy piping 46 leads to the piping 80 divided into two forks. One side of piping 80 was led to the shape 
memory alloy piping 44 for combustion fiiel supply, and it is connected with the refueling pore. In ordinary 
temperature, the shape memory alloy piping 44 for combustion fuel supply is opened, and if temperature turns into th 
purpose temperature, it will be closed. The air supply piping 81 is between the shape memory alloy piping 44 for 
combustion fuel supply, and the fuel filler neck 92. The shape memory alloy piping 43 for reforming fiiel supply led 
the district of piping 80, and it is connected with the fuel filler neck 92 of reforming. In ordinary temperature, the sha 
memory alloy piping 43 for reforming fuel supply will be opened, if it has closed and temperature becomes high. Th 
fuel cell main part 45 is made to supply the hydrogen gas which reformed in the reforming section and was produced 
a pressure sensor 48 is attached in a fuel cell and the pressure of reformed gas becomes more than the purpose pressu 
a heater 47 will be turned off and the shape memory alloy piping 46 for fuel adjustment will close. If a pressure falls 



heater 47 will enter and the shape memory alloy piping 46 for fuel adjustment will open again. 
[0075] 2 laminatings of the reforming machine 42 with which the laminating of the relation of the reforming machin 
42 and piping by which the laminating was carried out was carried out the center [ the shape memory alloy piping 44 
for conibustion fuel supply and the shape memory alloy piping 43 for reforming fuel supply ] are carried out, and the 
configuration of piping 18 and 19 changes with the temperature changes of a reforming machine. Moreover, the outs 
carried out in this way rolls a heat insulator 82, and raises thermal efficiency. 

[0076] It attached in the equipment which created the fuel which blended methyl alcohol and water with 1 : 1 by the 
mole ratio. The electrical and electric equipment is supplied at the beginning of operation, a heater 47 is heated, the 
fuel-supply shape memory alloy piping 46 is opened, and fuel is supplied, the object for heating, and the object for 
reforming - two forks ~ the shape memory alloy piping 44 for combustion fuel supply which it is divided for piping 
and opened in ordinary temperature - a passage ~ the air supply piping 81 to air - supplying - fuel - mixing - the 
combustion section - sending - having — a catalyst -- a catalyzed combustion - it generated heat by carrying out 
[0077] The shape memory alloy piping 43 for reforming fuel supply closed when the shape memory alloy was heated 
by the heat and temperature exceeded 120 degrees C opened, and fUel was supplied to the reforming section. When 1 
degrees C was exceeded, the shape memory alloy piping 44 for combustion fuel supply closed, and the temperature r 
stopped. The hydrogen reformed and generated is sent to the fuel cell main part 45, and power generation is ******. 
The pressures in the cell of hydrogen are 2.1 kg/cm2 by the reformed hydrogen. When exceeded, the heater 47 was 
turned off, the fuel-supply shape memory alloy piping 46 closed, and supply of fuel was stopped. Pressures are 1.8 
kg/cm2. When it became below, the heater 47 was heated again, and shape memory alloy piping 15 fuel for fuel supp 
opened, and was supplied. The hydrogen pressure force in which temperature was reformed from 120 degrees C to 1 
degrees C is 2.1 kg/cm2. Shell 1.8 kg/cm2 It was maintained and operation of a fuel cell was completed continuously 
(Example 6) In this example, the fuel cell system which carried out the laminating of the reforming machine and fue 
cell stack of this invention is explained. 

[0078] The monotonous plan which forms the reforming section of the hydrocarbon fuel in the fuel cell system of th 
example in drawing 16 is shown. The reforming section consists of circular plates 120,121, 122 shown in drawing 16 
Drawing 16 is drawing which looked at the plate from the upper part, the slot which serves as passage of an each flu 
at a plate 120,121,122, and a hole - a-h is formed A plate 120,121,122 consists of aluminum respectively and is 
100mm in the thickness of 2mm, and diameter. The reforming catalyst is formed in the front face of the slot of plates 
120 and 122, and the combustion catalyst is formed in the front face of the slot of a plate 121. Formation of the catal 
to each plate was performed by the method shown below. 

[0079] After plates 120 and 122 carried out the dipping of the front face of a slot to caustic-alkali-of-sodium solution 
after forming the slot and the hole, as shown in drawing 16 , and they made a part of surface aluminum eluted, they 
oxidize and dried [ rinsed and ] the surface aluminum layer with the hydrogen-peroxide-solution solution, and made 
porous alumina layer form first. By sinking into a copper nitrate and the solution of zinc nitrate, dryness and after 
calcinating, reduction processing of this porosity alumina layer was carried out in the hydrogen air current, and the 
reforming catalyst was made to support. Moreover, after a plate 121 forms a porous alumina layer like the above- 
mentioned plates 120 and 122, it sinks palladium-nitrate solution into the same porosity alumina layer, and shows th 
monotonous plan which constitutes the fuel electrode and oxidizer pole of the dryness and fuel cell [ in / the fuel cell 
system of this example / in drawing 17 ] section while it calcinated and the combustion catalyst was made to support 
[0080] A plate 123 is an oxidizer pole and a plate 124 is a fuel electrode, a plate 123,124 ~ plates 120-122, the same 
size, and allotropy material ~ it is — like drawing 17 ~ a slot and a hole - a-h is formed 

[0081] On the other hand, the hotpress of what kneaded catalyst support carbon powder, the polytetrafluoroethylene 
(PTFE : tradename; Teflon), and the Nafion solution was carried out to both sides of a perfluorocarbon sulfonic-acid 
film (tradename; Nafion) with a thickness of 0.2mm with the gilding nickel screen, and the hydrogen ion conduction 
film which stuck the porous carbon board by pressure on it was prepared further. A different catalyst was formed in 
membranous both sides, while another side was platinum using platinum/ruthenium. 

[0082] Moreover, the hotpress of what kneaded platinum-catalyst support carbon powder, the polytetrafluoroethylen 
(PTFE : tradename; Teflon), and the Nafion solution was carried out to both sides of a perfluorocarbon sulfonic-acid 
film (tradename; Nafion) with a thickness of 0.2mm with the gilding nickel screen as an electrolyte plate of a fuel ce 
and the electrolyte plate which stuck the porous carbon board by pressure on it was prepared further. 
[0083] the above-mentioned plate 120 - a plate 124 - the turn of the plate 123 from a top, a plate 124, a plate 120, a 
plate 121, and a plate 122 - and the hole prepared in each plate ~ the laminating was carried out so that a-e might fo 
the path of one each, the aforementioned electrolyte plate was put between the plate 123 (oxidizer pole) and the plate 
124 (fuel electrode), and one unit was formed on both sides of the aforementioned hydrogen ion conductive film 
between the plate 124 and the plate 120 Under the present circumstances, the field in which the platinum / ruthenium 
catalyst of a hydrogen ion conductivity film were formed was made to adjoin a plate 120, and the field in which only 



platinum was formed was made to adjoin a plate 124, and carried out the laminating. Two steps of this unit were pile 

up, the upper part and the lower part were wired further, and the fuel cell system was formed. 
[0084] The schematic diagram of tiie fuel cell system applied to drawing 18 at this example is shown. 125 in drawing 
an electrolyte plate and 126 is a hydrogen ion conductivity film, moreover, the hole formed by each plate - the arrow 
showed the feed materials in tiie path formed from a-e, and the flow of ****** 

[0085] first, a hole - while supplying hydrogen to the slot of a plate 124 (fuel electrode) through g - the slot of a pla 
121 (the combustion catalyst was formed ~ monotonous) - a hole - f - leading ~ hydrogen and a hole - e ~ leadin 
- air - the slot of a plate 122 (the reforming catalyst was formed ~ monotonous) ~ a hole - the mixture of a methano 
and water was supplied through d moreover, the plate 123 (oxidizer pole) -- a hole - air was supplied through e 
[0086] In the plate 121 (plate in which the combustion catalyst was formed), combustion began from ordinary 
temperature and heat was generated. This also started the reforming reaction by the plate 122. the hydrogen gas 
produced in the plate 122, a carbon dioxide, a carbon monoxide, and unreacted methanol water — a hole — it was sen 
to the plate 120 through h Moreover, in the fiiel cell section which consists of a plate 124, a plate 123, and an 
electrolyte plate 125, power generation was started with the temperature rise, the place where the temperature of an 
operation amounted to 150 degrees C ~ a hole - supply of the hydrogen to the plate 124 (fuel electrode) by g was 
stopped, and the hydrogen currentiy supplied from tiie hole f to a plate 121 (the reforming catalyst was formed 
monotonous) was changed to the methanol After stopping all hydrogen supplies, power generation took place 
succeedingly. 

[0087] The temperature of the above-mentioned fuel system was kept at 150 degrees C by adjusting the amount of 
methanols supplied to 121. the exhaust gas containing a carbon dioxide, unreacted hydrogen, etc, which are produce 
in a plate 120 (the reforming catalyst was formed - monotonous) ~ a hole - it was discharged through c outside the 
unreacted hydrogen produced from on tiie plate 124 (fuel electrode) ~ a hole - the steam produced in the plate 123 
(oxidizer pole) discharged through b outside - a hole - it was discharged through a outside The compact fiael cell 
system which carried out the lanunating of tiie fuel cell to the reforming machine as explained in full detail above wa 
able to be obtained. 
[0088] 

[Effect of the Invention] Without using a facility of the burner used for the conventional reforming machine, a reacti 
vessel, a coil, etc. according to the invention in tiiis application, as explained in full detail above, heat required for a 
reforming reaction can be supplied, and a reforming machine can be miniaturized, and a reforming reaction can be 
made to cause efficientiy . Moreover, the fuel cell system of the invention in this application can offer a compact pow 
generation system by having united with the reforming machine. 



[Translation done.] 
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^m^6-l 1 1838 



4JS!ft^)j'^«^v<o»aJ$^rt«^-7-*-/^ ntc-cff 3 c: fc lo 

MUKisv^T, ms^^na^'Pizmimiirm^xii^ 
^Lx\i^hzk^mifti>inn^. 

nm^-^rm^r^^ittummb. fsmi'y9t>t> 

wmtm<0'y^j:< b h-^lfimim'&^X 0=S:S C: b 
[19^315 1 J: OfiKSif 1 

t Sr^t-tl^jSimmjfii^XxA. 

[0001] 
[0002] 

t/j«$^t. $ t,\izii^-9 rfv{am^^ixx\>>h . 
^mb Lx. ^^j:-dcw&'^~<$:mMmm^tLX\^ 

mmMim':>titk. mm'mLxismiWsii^'t^ib 4o 
tt-cd & too. fi!3fto-»:®fi-cj±-e<oMfc:« UT 

CH4 +2H2 0^4H2 +CO2 - 

CH3 0H+H2 O-03H2 +C02 
b^j:*).±m(l). (2) tcPlKSnsidtc. v^-f 

ai«^^'yoi©^t'8oox:mii. ifciRWfiaTR 



iihb\>'^oX^t>i>, CiOi^tc, »ha<ill?r:g 

MfbumtK. xoMimmmizmtimmm^^ 
tix\^t. 

[0003] ±Mcrmm^co--:><Dmm&b LT. ta!* 

<rm^^ yyb vx'mft^ixxy.^h . im'mx^x 
^K\zis^^x\m^bm/m-k'imm^^\z^-th 

[ 0 0 04 1 iESSHmffii^^-fACfeV^TJi. 

ifi^fto^^ric,^. &t«i¥ftr 

[ 0 0 0 5 ] 01 9«^2®SS:^«>^fi£*OiS®«fli 

omaTj)6. <ami*«ti o \ffmmz\im^\ 

0 2 A«iift ^>itTl^S . iStfHi** 101 rtfciftg?*!. 

TV^S^f fii^l 0 3&t^rtWl 04Tffl^$tT.T 

|«1 0 5*«^aS<i-CV^«.. gStSttJSEoWfii: UT(±, 
-ir^ ^vi^%!iidsm^^-'-/yA^lf^^^^hh.x\y' 
^N'-^-l 0 6tt. <&®ftajE*«+t»-^nJS[HiSttS:«t 

s^fli*sai^*oa^tt, jaifi^'y^' 1 08*»^»# 
1 0 9 1 J: 1 0 7 . f?ie!^ 

^ 1 0 7T'«. / 1 0 60jBU^SWrx*<^fh 

l»L-CSfl:3-e:S. ^fl:$<l>t«^4i»^i«**l 0 1 

«foR«?tfc:ai'^ii, WSm\zxi!em;:Jim^ixm.. 



3 9kcal/iiol (2 5*0 



(1) 



-Slkcal/mol (2 5*0 (2) 



3 

[ 0 0 0 6 1 iSiaiisS'M^. 3c^iH^#jaw- 

s fcRiBii** 1 0 1 f^<7mi}<9hmzmtv^^^x o mi. 

[ 0 0 0 7 1 mtm/mm^ziii'thmf^^j:}! 

[0008] 

[0009] *lfeHHli, JJBglSiS-«^-rSfci6t:'3:$ 
[00 10] 

[iiis^ft?^-ti.fc«><o#aatff^ffli «$• 

[00 111 KIT. 01Stf02^fflv^T*5^«O5SjH 
( il 1 *"Cli¥fi 1 &tPF« 2 X»t. ) i 

[0012] 02 tc*S^O3t«S<7)a5^^iii05:^ 
■t. 02t::S?$tiS¥«[l&t^¥«2{±#«01t*S 

#i.s¥«iat^¥«2tcffl^-rafc<o-c*s. b^l^ 

m^6im&^tix\.^?>. tti. ^mizimLt:^m 
2m^^tvf::m<omuitmm5m&^ixx\>^ 

[00131 ±m<r>x d^j:m&m.mmz^^^x. 02 

i:¥«2<^)SI$^^rL=5rV^iBt i 0JB«§it&a««»3 



3) !|tl8T6-l 11838 

4 

«HijttjSE55:mL^:¥«2<^ffl$rWtSiBi:¥« 
icodl^^t^k^ilitzJ: mA^tihmmAizii. 

^mmsizx-^xmmmjsiim^'^i, ^rtj. m 

ei8g*W«f«d^fc i O^tW LT*> ivn 
[00141 iiTS[f*S384{cfc(,^T^-r«.)ll!ii«l 

mmnzxmthmi. w-mi^iitLx^mK^m 
10 i^hmtzom^ii. wmiffimffm^^mmte 
izii\,^x^timm.ni^izm\'^^tih, ^£h*>. 

^^mitimm^-tt^ittzx'o. ftmLJSvhm 

atT^i^t:4je$ii-. mmmtuzm^jisstimmm 
mzx -yxmki-h hffiX'hh . 
10 0151 ^tHzXKt. ^<'-i—izXh'J^im\>^h 

[ 0 0 1 6 1 isc^imi±m^^i>mtmmjti 
i:^^^hmbmm^-^himbi.x\i. ^mm(r> 

jtxw^ y h i:^^^iz^imfS.Lxmmti>ij 
Att(7)ga»5:jgi£ Lxfm-r?>^izm^-ytitm 

mmLttiw-m^wa-i-humtzittx. ^^mxt 

mmm-t^(r^ ^m&^. mms. m^mi 

mi;) i:^mSimStM&miz%^lt:ibimt<. 

^(otiib. m'miz^smmmmmT^^\>\ 
mm.nmzii\,^xii 1 tstw^tit b-acojstsisrjg 

[00171 -Ij. *f6HHt«&aii&#rs¥«««® 

[0018] mi:^i-i^mti. ±EcOtt®OT«Sr« 

muz. mwrncL. sffmiamzmLLx^xm. 
mLxw^i:nmi/^mfhtL^, tt:. -fkmsnx 
'^iifizx-yxmrnm-hzbt-ssntchh. tt:. X 
-/^>'^«afi, y y ^^77 -esg>5:fc'o«8iiiiHiio:s» 
ifflv\ ^i&ffmnmmizmSiUi^xhirmtsL. a 

m-rs zbtx^h. ismmmmimb tx 

50 4«JI<0«K^fiEffl-rS^i:*«-C^S. 



5 

I0 0 19ia«fflBKJi. Pt, Ni. Cu. Zn. A 

IfiT^t, ZnO. FeO, Cr. Cr» O3 . 

BeO. K2 O, WO3 ^iii>m^^l^:ti)^Ttt. t 
tl^ Fez O3 -Crj O3-1C2 O^Crt O3 -A 1 
2 O3 ^Fei Os -M0O3 ^Hco^nMm^if^ 
tLh. 

[00201 ttz. mmmtLxii. pt. au, a 

T^&.SgfcCu. CuO. Cull . Ag2 O. Z 
n, Hg, Pd, PdCl2 . Co, OsO, Fe, F 
eO. M0O3 , Cr. V, V2 O3 . Ti03 , Te 
O, Se, SeO. P2 O5 , PbO. Pb. Sn. S 
nO. Ba. BaO. Ca. ^};i)mf(>tlt. tti. 
V2 06 -K2 SO4 -ir>fVi>±, Tii:fA9^h (M 
n02 . CuO. C02 O3 . Ago) ^Ag20-A 
I2 O3 •«?»Cu2 0-SeO^V2 O5 -K2 SO4 - 
iy>Jiiy?V^Fet O3 -C rt O3 ^riftOt^TcUHKt 

[00211 ztiii><^mi. ^mzm&t^mc7)ms 

[00221 |f?L®i**¥«<oaii^Hfc:jaR$«-&t: 

^jiiitc:Si02 *»<?>^:5^©«cS-jBjS-r«.c:i:*«-C& 

[00231 tti^^Wcnttmi. ±sdnA 1 
2 O3 . Si02 <?)ffi{c. ^ ^iz-^CTMcrfJjmxm^^ 
tLhSiOi -AI2 O3 . MgO. TiO 

2 . a-Al2 O3 . ^>fy'>±. ri-y;«r-y\'>f 

[00241 tf.zmdimii'^tsi(om(omsizm^<^ij 

[00251 Hcomy^^^-y 9 y VifWn^b LT #H 
xttifcO. 3Vol %JiUi~3Voi %OTSSan;t;tt>c7) 



4) «rBB¥6-111838 

6 

[ 0 0 2 6 1 ^■^im.m^uc.rim'mwm 

\^%m:mi^^h\iz\i. X)^f9^)y^^lS!im^ 

[00271 ^mm<mmmfiiLti^nmzfm 
mi:m^^^-txi>x\>\ msummmntt:^ 

««?5at^HBfiiiHTfcS. 03fc4iV^TJittSffij#*l 2li 

^mmnmmizm&Lti^t^i^t. 1 nijuam 

[00281 ±^(oia«mm^mmsimi^^ix 0 
-i&(^m.(o-'ij<miziSLmm^i:^L. ffi^rco 

[00291 04{iiS®iSc7)fllj£^^S5^)-BrM0T* 

\^i:n-^xoizm^^txmmtix\^h. tt: 
mmim.wm&'Fi 4ifimmiz^co:fjim>^m. 
i:^ti:om»^Lxm&^itx\,-^h.ism^<om 
Lxii±j^m< <ommmmmm<7)mmi}^fi 

30 SW-rS. «S«ai«S^? 1 ScO^i-ffiSr^SgPii-i:, iS 
©ttJS®^ 14<^)^^^B*l^o»4)-0^*Ktt. #>«OSS[ 

&mimf^j:^m^^mtm 1 7 $:sttTtj< c: t 
mtL\.\ tti^mummi 2<^Mti::{imtz 

5) 

ttimmmiti^tmcojHmzmmML^Km 

Lxm^i^ittxti. me) 
40 mttz»m^mmmi:^ommm<Dm&miz 

i)mm 

[00301 ^?Lf*sA<0?gKtffi«0B2:^. 

Ai:B<7)Jl»«c$:ffl;?i-&i>*-C. MtS»^^« 

hxmkthztii^mxhh. ttimmn'tm^h 

S . A<^K<^fl:* fctl A fc B fc co^^lt5:3Si.-CE 
50 »tta^>ffiffl{rJ:OA*fc«B«iftK«^*«'C&A:lM^ 



(5) 

7 

[00311 »*Ai&fflio-;PTa»^^tE«S 
[ 0 0 3 2 ] At B<7)mi^ifXTmiiL. 10 

m-hijmx. AtBff)mm&i:^txm'o&Lmm 

mLXMiMiiAbBcom&mi^X^tiWmt^ 
5. 

4 ) ^<7xa<o:^rffi 

Ai: B i:<0SMt$rlEtytrffit»flcO«S:f^0«teiej& 

[00331 ±M(om< <7)mmmmm^i> x o 
izmf^-^m^mm^^tiismmi. >imffy^<^ 20 

?^fcsv^i, mmt^£h^<r>SEm:m/HznsLh 
^msskmmmi.zmhm^'^ii^^x. 

[0 0 341 ^T-*. |irj*LfcHlfc:*$*l.&*I«0 

nmLtMmrasL'Rmziiy.^xM. ^mme^mm^ 

^i¥^3T^izti^mxhiymR(/-mm^R 
x/~m{tMmip^t. ^fz. ^m^AiziizMii^^ 40 

0«5Sf*s£J82 1^»fi£-rS;l^^-L-Cl3 0, 
aSiliJi. «SMBi!« (0S^-r. ) *^JSSiiTV^|,. 
¥«2 2t,|^fc:8gHcSLSI2 3S-m-f-&SI$^* 

txis*). timcomsizii. mtm (hsw. ) » 



!Rfm^6-l 11838 

8 

*»m$iiTfc 0 . 2 0 1 2 2{i^tc«ii 
Stt-CV^S . (T*<0¥«ic2 0&tX^«2 2 SrJUT^ 
>«^20a. 20b ". T«22a. 22b - k-f 
S. )^«2 0tc:fcV^TS[«cSaS21*»^^^Ep2 4«0* 

i:a9SUr¥«fc:IBv^TV^4?L2 5*aj-Cff#, BBIM- 

5¥1S2 3c0|Hl-fi[Bt^tt'^.n-t?L2 6 2rg*L. § 
^>tT^rtC®a;Silit¥«2 0 1 l^«lfi£<0¥S2 Oat 
igtt^.nJt?L2 5fc:tJV^-C^«2 0 afcfcJtS^flcigK 
*>^»<Org«:i:-^-rS. mT¥«2 5bt:t5V^Ti^ 

[00351 -^r. e£««0«*&t"Pl^T«T^«2 2 ^0! 

tckOiiBB-ra. M*co«*&{±, sftb^oj^ka^t. ¥ 

«2 2<OtifEfl£S[S82 3<^±«{CtSf*»£Ktc^L-C^ft 
(>ilX\.^i,ll27t^^ffi>it. R«Lfc¥«2 2»Cg(t 

[00361 0 ^m^timtX\>^tlit 
m&LX\>^^j:\.^t i:^m.(OmmeomBSizmiihZ 

[00371 i;it, ^immc0lia<(^\^'7-^^-)U K 
Srffllr^yt*^. fL2 5atm2 6. JL2 7»tf?L2 8<0 

^{tSeStJ:^-CS£«cSai&2 1 , 2 3*S¥ffi;fc«tt 

i^ti-i>c:tifi'C^i>, mizmi^2i&(f23ti 
mt^mfiiizm-x dwzmihiisir/^^cr)^ 

i^tt. ^hiZ^Simii<iSLMR!i^imtsi>(DTS>i>. 

[00381 ^¥w&m<m<. nmmizxhmisus 
i:mz-rm ifmmm) mssinmizxim^ifti 

i!)^i)h\^iimmtxi^i:-^izikozbmt lw 
ituzx *)imimmizm^tihm<otsfim< . 

mtkthuw^hh . '^fizmmmm^xh-^^ y o 

[00391 tit. nm^y^^^wEimbL. m 

xm^t. ^^itizxm^m^ur^rm^^. 
fmomk&i^-th <: k i>-sjmx'3)i> . wT:R{*« 
izmti. 

[00401 msmms^^i^^j:hs,'Sim\''^ti 



9 

(0*4 3at^4 4 ) *qgttEfi^T?glSS*lTV^ 

WT&o, 4 4{ijjj!jaffl!SM«mfia&ffl«ojgi^«^^ 

2o<OSS(SiSI4. »«^e^^^4 3 atX4 4 * «^ 
■?^$*lT>r>&. »Jj^e^^'t4 3. 4 4»ii3[® 

gi4 2(^)«im«i&?Lfc«^$tLTv^s. ttji«ysjii!m«i 

1 0 04 1 1 esisi8m«i&ffliii'g4 3f4ias*''{S 
s. }g«ifi<i^ffi«4 3&if4 4<oiSfflt4:afW5fc:a 

*^^b{pe^ S i i: fc J: *)m.mim< . Jg^^S^ifeil 
«4 3 Rt/4 4 Jii3[©§i4 2 i t J: OiS 

m«4 2«Diaso^t:itKLi?g<og|ffl*ffv^l6^ 

[0042] Tmmm.miism^4 2 <7)min&\'^t^ 
tb. mmmmmm!S44ii. m^mm^ 21^ 

*tiSffS4 2coiae&!i«±#L. ammmm^mMSA 

3im^. iS«S4 2<7)3St««fc:«m*«tt*&$*1.5. t 
fel5Eltt«Wfc3S«I{Cfim**tt*&$ili&«S4 2cr,m. 

ij^iM L-r ^'s t . ii''g4 4 jiffl t«mtt*&i4«^-r 

S . JJLhW i a (C6;«4 3RX/4 4t4iSKS4 2<7)iaS 

<. 

[ 0 0 4 3 1 . jg^^e^s-fflk^fcamfla&ffiif 
[00441 m9iimmM^±i}>i^^x&mm&MS 
mm\i^-^4 7mM^ti. m§4 e ^jia-cs s j: 

3fc:=3roTV^S. ii?g4 6lit-^'4 7*«f«!jU=3:V^i: 

'&&5iav^^^«®T'S>0. it. b-^4 7*ifWl.fc 

©ffi4 2-C^tit*St±Si'g4 8tJ; 

^tii, «m®ft4 50*S«*&?Lt«JE*-b>-9-3&^ 



6) ^irF6-l 11838 

1 0 

(cKtT, iI'f4 60^fflfc:*)St-^'4 7$rf^$* 
tJV^T. «ttf!!S(«IS4 2*>^>j8m®i<OS«J:'5t»ja 
*«&t«>. £E>j-t>1?--4 9*«(^i6t, b-^'4 7*«ff 

iws. ^tLizm:\'mi4 6immnm^ff)m<^ 
*) . m4 emt . inm4 2 izmmtk^tih. 

10 [00451 J:EiOfim«ffl5i^XTAfc:iiOTtt. ffi* 
10 0461 ^(^idfcJgt^^&ffi'StcfflV'^l.c: 

1 0 0 4 7 1 -S*ffif6BH<OflfiSiOia«3li4, 

[00481010 K:*iera<^a®st ssfisaux^' 
•t. 0iofc:4jv^t:3o{±. ^fizmsmm. ttiMnn 

i/t:. 31{ili»@R, 32{±JK^. 33»4gMh 
30 j8mffi3 2&lfaift^3 3tli-etL'f<l 

**;!fxRtf . i8ft3WXrx<^>SW3 4 . 3 5 *«iftJtfeit 

[00491 iKMjig3 0<OiSMM^^'rf-&^(c(i. 

mmf^mirM'>xw^'m!^<7>mm3 2 \.zm^it 
h, tt:. inmmi:^i>mimmizvmLxm 
fS.L^sMitzx^-rt*mmjstmtt:mmffm^ 
mxmizm^tii>xom&ttiii. sm^mit 

<mtzym0:^mi^^sm3 7 mitx^ < tm^ 
7m(^^tmmiz^i^^iim ism^s 
ommmstir^hmnzu, mbmmm<r)^t 
tx!^*^^smM'0Mi&i)'3>t\'Mmmmi(om 
fima 3i>*h^mxtt:\i^ti(>im^txmrt 
m^\z^-thmm(m%b \jx\mmpt^}^ 

[00501 -^smfrfim^i. mmmmLUt 
50 ^mzti\^x. m^if^^^(nmm.wmkmL 



(7) ^18^6-111838 
11 12 

[ 0 0 5 2 J HI ofctjv^Tji. m\nm>:^^ y ^nfi «tt^*ts/ii6. rnnrn^^ •yi't<7)mmfj^mm 

[00531 t^:. i!Sl««i&»JfttS¥«*«5^mtt *l6>fl{ctJV^riij!a[»«»X^ •y^'<0«>«? 

igS-:frUTa«$<i3t«mm»<^X5'-y^'S<OiS«3{)CF riyT>1»--^2»:^i3t©«<?5aa»*»*>**^ 
[0 0 541 *lfeBrC{4. ««i-S«lifi®ft^l^S-|i8 20 tc^rS. 

%><r>T\i*£< . mc^n^^'^Ltdimim^^h [ o o 5 7 1 

(m<fffitfi=&N a f i o n Du PontttSf), 5. 

(W;ltrb h'n::i'>AJ>6V^lirvt (lOtMl ) 

ri'>A/87;l'5-^tL<{4;9;y'Jr. HSKb-bU'^AX [00581 0. 1 inmJi$(?5::iy^r;i.«t!S3KVi;x 

hoyf-'?A<0^f<c) i&mjBafc:fflV^y:;«!*t®l!l. SE h^^L, 0. 15minraBiT0. 3mmt-y^'CS 

«>f;tye^«s mtM. ^^fl:>^/i'3-'>r) ^i^ftftx^^y^^L. so. ismmtai^o. em 

[0 0 5 51 iytrHlOfcfcV^T. €^SmttS:*fS i^lSatScf^jStyt:, 

Mm^^^sh^mim^tz^'^^tmmmmmwi 30 [ 0 0 5 9 1 #^><i3t¥«t:^x:^->^^ucfii. a^s: 

imth^, isin^s^mmk^hm^ivi 9-^^ h t £t* 1 o-^ion-. 1 %s^#*Lfc 

«cS[S&36fcL, aS[*SESS3 6fcji^SjlMa^i07|c^ r;Prfy»HSiTl O^xn-y ^L, 

;yx5S»34i:Oiafc:, WS*«jttJ«Sttfc«^^tt^ fc:¥%S$0. 5/zm<o^<DBi«Ej!tSE*JgjSt:t. K 

(cioT. efc^ftMiaT'et^^iTJtSSfilf+i^^BSlWtc S ) 5: 1 Ottf^^LJt. ffi*-J:£^^*St laifig^^atc 

im^w^wi^m<rfm-^\i3m^^^x'imwm. tx y f-y l/:^- >y ir;nic7)¥«t-7x=^ yy 

mtXm.^'^hZt-IM^Xhh, ^Wm^^h a. fflfcaiScO^Jr^'-y-y h t 1 O-^Tot 

«[*SK»3 6"CI4«^«S?&*tHfc^*«8StSSttT r. 1 %<^r;P=f >1SIBSl'C"l OSWSX't.y 9 

-IHt^, IJ5!fl:^*5^l««-S**. ¥S<^«c0^ffifc:¥J^«SO. 5Ain<OStt<?5KSJiHS 

ttS-^r-rS^aS^jry (rohy) g^lS37;&^mi- tl^t^^lSl fc¥«2k5:. 01^^*§^^SJ:^^^lr<^3^ 

St, i!5(®)iaei^#tSSI»3 6tc«-rSIScOStB^IS jEt^aat, i1«^;<f7X|8. &t^Tyl/5-'>A?rC^ 

ffli&ISffifc U-C«{ail*^ t S . ^im, JB<^RIffii:l^ [00601 iRfc, JjliKOJ: 3 J= LT^J^tLfcaSt^St 

Igfii; H2 -*2H» +2e S[«JiSS&4tc. ^r^y-^l-fc^ki&S^^SraLit 

CO+H2 O -»C02 +2H* +2e fci-?). ffiftS»4rtOiaJSA<2 0 OX:e0?fc±**-?:'t 

Igfii; 2H* +2e -Hi fcft. S[«cJSa»3fc:^5'y-;H:*i:l& 1 : KcS^L 
2H* +2e -Hi 50 fcjaa^JrSKLfc. ^0M^9 J-i^bUfi^fSm.. S 



1 3 

6 0%~7 0%-C&ofc. 

[00611 mmmitiwz. <smmmx/mm 

:n 1 0-3Torr. ^ 1 %^iS;^Lt:Tfl^TfymBS^Ti> 
[00621 ^|^>^ly::^55t®^fc:o^^Tlllg^cfflE*fT-5 

^'y-;Pi:*i:*l : 1 ^(O 
(1^013) 

[00631 :t^ifeP<ltCfcV^T»i. iSt^trtSf-?-* 
[00 641 i-fi^Uny^fx-VN ( (lOO)ffi. 5 

oo^mJS) ifm(tth:ittzx*). mai^iSiOt 

ttx-zf-y^^SrlT^ClktcJ:'?. '>x->'\<r)^fflfcHl 
l<0iD<^}^<7)a|5 2S:Jg)St:^:, C:cO«f. SOSE* 
Ji*>l OOjumfcL. tr>yf-ti*!>lmini:U3t. 8l<0p 

3.54 ^m^trh *) . -*tiT^r*-'^«osasfc 
m<r>tiiibizmaLb mjniiMb<7mm(r)tiibiz±^ 

r>fvy^^fc:J:0^<Oi^U3yS«5 1?^$- 
01 l<*<i:L!t. 

[00651 mi<Diia<m.i*^imi:mLLtii^vnym 
«Lfc. ttismi^v=i>mL5 1 i:iia^r:(jffiTai 

2fc:*-r i d^:}g«<Os^'J n >a«5 6~6 0 l^SJgL 

mizx *). ms.5 6(mmm&if::miimi5 7<7)& 

m^zx o^-Ti+coaasfc^rs, 

[00661 inm^mmsL s mirifimsmmsL 



8) 1f^6-111838 

14 

5em5Sb^j:hm&b^h^b\,zx^. mi}:>^<^ 

6 2 . iSM^^^^w^yxain 6 4&ixinisfeffl;!rxA 
□61, ^ue3^miAffm<m'S.Lti, 

[00671 *fKBfc:«*>S3iSS<^BrBS0i&0 1 3fc: 

yi5<^&^fct^J:'3f^SlL/::@Sj6ft6 5. 66fiK® 

[00681 amtti&^':^^'*^^iafiisa^<7^ 

2, 735r^t7t. C:<?3V-f :7n.-KyrJ4S/U3yt 
3 :^iOX y J: 0 SftaO^S-m L . t t:fU 

U'yifxif7X{iziix.y'f-yi^izX*)r^^y'7J»im 
jSLt* *).if^-^y 5ix<7)±g|5{ctrx»/r ^'f-ax- 

[0069llKbT;P5-'>A (a^2 0 5 0X:)»«c 

3 3 g5:SP@lmin<7)*«y>'N-fc:V^nTa^S?rT$ 

•fr. - yi^^p^aa (a^i 4 5 sx:) 10 g^isps 

0. lmin<0*-yi''«-fc:V^itT^5 0inmtttffiSR 
LTV^S2 5 00X:tcMfeL>t^'y^:^xy (1143 3 

7 01C) «cO±tc%-fcSrFS-frS, »«aOSrFjS<OM 
30 Htc2 5 0 OXrtcMfeLfc^J'y^^xx::^ (1143 3 

7 or:) o-;l/^aiQ|10kg*»^»a[10 0g-C«BE 

mmimti, mmizLx-'y^fi^jsmeoi)>i>*)iz 
6^(1141 7 731c ) *fflir^raifeffliti8flir;P5- 

*><^HL. ^ (1*41 0 8 3t:) (^wm'^iz^yyxf- 

JROfc'U, -«^Hia<OlB!liii^-?-<t-P<i«IO?Sf:L-e<0 

mmb tmifi^-th x o izmvustcfmiimi^s. 
40 mL^Ltx, 

[00701 zmmii~yy/l4Bmilt(tT)U^-^ 

[00711 Ki»S:l*oe^^#Sfl:T;^5-'>A^ 

mtitTA^s.~^j>^f^iLnEm^cr>m*)mb trnt^i^^ 

50 :J'y-;l^fc^;KO*|g^«:2^-CS£il3-frS. 



1 5 

-)Vt^^m')<X,iit^h. 1 0 Oi^SJ^Lbk^H^ 

[0072] *ii*a50<ifciiv^T{i. ^wmsmmz 

[0073]ai4OJ:d fc^iSt^ffliS^L^WS 
0. 2mm, 1 0 0X30 Omm<^V^::i')'i^;k 

t&4>3&-ti^*i»S7L9 2. SmfL9 3. jimP94fcL 

tTt^ yf-lmm, ;R$70mm. «i0 . 5mm, gjE^ 

0. immmm8 9.mmm9o&x/mm9it 

LTfilOmm. a!$0. 1 mm^f^^Lit. efc®ffl. 
ffilS«iiiiO|III3l»oiHflat/#SIS-l»v^fcaWi-K:;*>'<- 
-e'<tXyN--y:?TW ^:n<i>^3Sc2ta«U2 3 

or-cT-kxLsauatwsstL^t. ±s<o*ffi-c#ii> 

[0 0 741 4 1Ji«m^'y:J'4 2J4±EiS®IS. 45 

fim^^y^^A i*»4>iS«S4 2tcj8msr«*&-rsii'g 
<0-a5t}g«ae-^^f4 6*«fflv^/5>*fCv^&. c:<o 
Jgt^e^^'»4 6tc:b-^'4 7!e)«^*»iiTV^S. JB 
«®e^^'t4 6«^T'ttWt.T*5 0 . b-^' 4 7. 
SrMR-rS k (c J: OiB< . JB«^e^^'t4 6 {i^ 
Kfc:4)-*»ny::Et8 0(cSI*«S. O<7)-*5r«!0K 

ffimi&mi^«r^^5!@4 4 (csi«< 0 . iim«*&?L 

a5tsi*j-5Ti^-5. ji»M«mtt*&ffl»Kfe«t^^'54 

mmiL9 2iz3»tf^':>x\,^i>. mmiimm^mmm 
ftk^'SAsti. miTiimtxts*)mmm<^j:t 

m 5 izm&^-t^ . fmmmiziii±:fi-ky'>r4 a m. 

-^4 7imL. mmmmm&^Mi<S4 eim 
ts. &ijim3'it\z-:!^47ifiM^ m/mm& 
mmmm^MLm 6im< . 
[0075] nm$itf:ii!mm 2m'§<mmiim 
mmmi&mi^^Mi'^4 4 tj&nmmmm. 

Ee^^'i4 3 *+'i:>tU«Ji$*l/v:K®§l4 2*«2 
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[0076] ^f-;ur;Pa-;Wi: *iSrt;Hfc-C lilt 

j&^uzm\iii^is.ii:immizjssLomfti. mm^z 
B;'i'4 6i&iift. »j3kis®ffltz 

lffiB*^^^ii?t4 4 SrJlO , ?g^«WftiS't8 1)6»<5, 
[0077] -e<^,{c J: OJBttEii^^WSixaS 

10 1 2 o'ciMiti^^xmtxi'^fiiummmm 

mm^Bm4 3*«ii^iSt®a5t:em*««i&$/i^. 
1 4 o°cimx. h t , )!iiij^iism^«&ffi^@4i^ii^M!^ 
44imtimmim±Li:i. ismtm-ttiAmi 

mmm^m sizm^ti^mij^ib-^fz. iSMSiTJt* 

*{cJ:'3**<^S?firt<o£E::>j*>'2. ikg/cm^ ^IS 
i.S k b-^'4 7*f«itT«mtt*S»«Ee-&^«4 

eimtfm7>mkim±^ti/:i. mufii. skg/ 

cm* iaTK=5:l.i:. lft^b-^4 7*»$ix«m« 
f^^)B4i^«^^'Sl 5iSi^«^$«^Sn>::. ias 
20 ifil2 OICj&'/o 1 4 ort, aiB3<l3t*^BE*«2 . 
1 k g/c mi *><i> 1 . 8 k g/c m2 fcftfctU^gW 

izmmti<^ymi/'x^t:. 

(mime ) ^^Mfcfcv^-CJi. *l6Bj<7)iSMSgk«l 
[ 0 0 7 8 ] 0 1 6 tC2|s^fiaj<0«m«ffij/XxAfc:tJ 

•r. et®a5«0 1 6 c^sns r»<^« 120. 12 

1.12 2*-^>fil«§^lTV^S. HI 6»4¥«iSr±95J: 
30 ^«120. 121, 12 2{c«±#« 

«120, 121, 1 2 2{l#>!fT;l'5-'>AJ:i9=5:'3 
Jit;?ii2mm, ttSlOOmm-C&S. ^«1 2 0X1^1 
22mfmm!Z\t. ttHSBfeW^Jft^ilttiD, 
¥«1 2 lcoSc0^tBtc»iS9if5*«*^j£$iiT>.^S. 

ik'tm-w^mmmmss:f^i:m-m\zx'^'> 

[0 07 91 *-f¥«12 0Xl/fl2 2l4H16t=*$ 

Wiz-mx^xm. • mx,fzik. ^^wm^^xwism 
vz^mm^ms^^. ¥«i2 iitta^ 

« 1 2 0at;i 2 2 k LT^7L®<?)r;W5-M^ 
01 7tJJ:*^aSM<0j!limmffti^XTAt:ti*t5 

90 fl^^l3:<oia^RS&t^ilfbinSi&mt-&¥«<o¥ 
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[0 080]^«12 3{4lSfl^Jffi, T«124{i«a^ 
¥«123. 124«¥Sl20~122fc 
|3I-9->f X. RI#«-Cfc 0 . a 1 7WiP< t:«atma~ 

[00811 — Ji$ 0 . 2 mmf5>''C-7A':tn;^- 
;Kyx;l/7 >r ^KIS (ffifp^ ; N a f i o n ) ff)mS^ 

(PTFE:ffia*:x7Dy) tNaf i o n^t 

[0 082] il/^. «mmffi<0®BWRfctT. 

j&« ; N a f i o n ) coWiiiK:e^««IEiB»;&-#>i» 
Slcfc.ifJTh^^/l'JJ-OXf-Wy ( PTFE : ffirfJA : 
x7oy) tNaf i onJga[i:2:^L/::i<0«:^* 

[0083] ±E¥«1 2 0~¥«1 2 4 &±*»^>¥« 
12 3. ¥«124. ¥«12 0. ¥«121. ¥«1 
2 2«)ia#-C*>-9. #/?cOTSt^HTt?La~e 
l*<0ii»5:»l£-r6J:3fcaSU. ¥1S123 (IKk 
^JH) &?«C1 2 4 2:<0lS|{c:1»ie«fiiefi[^ 

Wi-ikTi.^ 1 2 4 1 T« 1 2 ci<rm^mi/m^ ^ 
tmt. TMRi2 0i:Bi^$-e-. ^^<n7t.immixtt 

iH{4^« 1 2 4 1 BS«3-frTaJi htL. Z.<n:x-^ Y Sr 

[ 0 0 84 ] 0 1 8tC:*^ltfeWtC«l.«aE«®l!!i^XxA 
<7)fl!lB&0$:*^. 0+ 1 2 5tt1Sfl?fl«. 1 2 6»4*3g 

[0 085] ai-r. ag^iltT¥«l 24 (fimfii) 

¥«ci 2 1 {.msm^ 

mtfc¥«) 0«fc:?Lf i&jll:T*«atX?Le^iit 

TS^i^. ^«i 2 2 {immk^JBiSLX.k^m <o« 

fcT«123 (KflSnS) tt)?Le«:51tr^*tt*& 
[ 0 0 8 6 ] T« 1 2 1 (aSMfit^J^JBBSLit^S) T' 
«1 2 2-ClSl®RJKtlU&Lfc. ¥«[1 2 2r4t/;* 
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*tt?Lh Srffl tT¥« 1 2 (i^t^lxti, tti^m 1 2 

4 . 1 2 3&x/mmms. 1 2 5*><?>^:s«m®iiia5 

0T:{r^Lfcfc>^^T?Lgfc:J:S¥Sl24 (j8m@) 

¥«i 2 1 ^isinmmm& 

[00871 ±iEfimJ^XxA<^iaS{4 121 izmtt 
10 &>t^'y-;Wft^i^-r&vrf:fcJ: ») l 50X:fc:«-» 
^. T1R1 2 0 (JSmimi:mflLLt:^m) izX^tt 

tT^Kss^^ajsttt. ¥«i 24 imm) u^h^ 

123 (Kfl^je) tT4t^*lgMJ4. ?La^jltT 
[00881 

[Biia<^#^itBJl 

[Hi] *S^Jc7)e!t©^«l£0. 

[021 *ii^joia®igcoai:}MSfffia. 
30 [031 mAm^Litmmm^, 

[041 4M<»(9iS9j!!k^]£0. 
[051 jttjiaj$f4c(oiriii0. 

[061 msmmmmm. 

[071 *IIW<Oi3[«llkO-a54)-S:*t«S0. 
[081 }B«ffie^^^.=3rSK'ti&fflV^>tiS®i^X 
ri^<^«lB&0. 

[091 J^Be^^>'5»^rSE'gSrffiv^7tj8m®6 
j^XxA<^«8e0. 

[0101 i^f:mm<mx'mbfsm'm;^if'f9iw 

40 «Ufcj!im®l!!5^XTAO|»60. 
[0111 i^yay^x-AcD^tBB. 

[0121 iiM0«3 »c«2,efc®«i<^)a5^«0. 
[0131 ^m^3 \iz.^h^n^mm. 

[0141 lltl0|5(C^S'F«<O«}^. 

[0151 mm 5 tzgi,tfmw^:^7-j^<oim 

0. 

[0161 mme izgkhmm&i^xTJ^<n&M3 

[0171 IIMSM7 KfikSjBmmffii^xr Aoamm 
50 fmimfH-rh^ciwrnm, 
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1, 2. 20. 22-¥S 3, 4, 15, 16, 2 

1, 23, 

e-j&mtm i i-iaas^^ 1 2- 

^?Lft 1 3- -JliJiiMJKS^ 1 1 
7-4)-St(* 24- ••^«c<^i£h.&^riiil^^i-i^9l 2 
5. 26, 27, 28"?L 30, 42 -ajaS 3 10 
1. 2 5 -«l!f®« 

3 2-ffl^ 3 34, 3 5- -;{fXaS[K 

3 7 •••*3g;erxiaj?tt®ais. *^>fjr>'g^ 4 

St 4 4 --ttjifiii^y!im«i}^ffi<^ 
4 

8, 8 0 -EW 49- -Eft-fe>-9- Bi- j^yaya 
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«[ 5 2. 55-m 5 3. 5 4-ai« 

5 6. 58 -JiMj8aiffl«lS 5 7"B[®RiSfflfflR 

5 9. 60 - >'U3>'^ 61"lli!WJ5r:^AP 6 

6 3 "Mifflxr>'.aip 6 4 ••*^^r;<fxajp 

6 5. 6 6-@^ft 6 7. 6 8-S[«^AP 6 

9, 7 0 •iS«*ftBP 

7 1"^ 7 2. 7 3 "'7>f ^oAyj.T' Sl -^ 



8 2. 10 2-mm 89-itB» 9o-j!smm» 

91--Sf§\« 

9 2 -ti»&?L 9 3 •SfSiTL 9 4 -a«P 101 • 

10 3-J^ 104 -rtt 105 ••tt 

mm 10 6-A— ^- loi-msm 

10 8H»fi^>i? 10 9--;Ky7- 1 1 0-Rjet 
120. 121. 122. 123. 124-TS 12 
6-*^>fjr>t^ttjS 



[Bll] [B2] [B3] 




mil] 

52 
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